The objective of this study was to evaluate the influence of fat and moisture contents in the sensory characteristics and acceptance of light requeijão. The experiment followed the Central Composite Rotatable design. Formulations were characterized by Conventional Profile and the acceptability was evaluated by 100 consumers. The results were analyzed by Analysis of Variance, fitting of regression models and Preference Map. The multiple linear regression model showed the best fit for all sensorial attributes. Requeijão samples that fat reduction was coupled with increasing moisture demonstrated intermediate intensity of the sensory properties and showed the best acceptance among consumers. Such a result indicated that the reduction in fat levels should be associated to the increase in moisture of the final product so that there is equilibrium in the sensorial properties and the optimization the acceptance of the consumers.
Introduction
Cheese processing technology initiated at the beginning of the 20th century with the need to inhibit microbial and enzymatic processes of Swiss and German cheeses in order to allow for exportation to countries with hot climates. In 1911, Geber and Steller were able to solubilize calcium paracaseinate from raw material by means of heat, utilizing sodium citrate as a fluxing agent, thus obtaining what was referred to as processed cheese. The sodium salt, under constant agitation and heat, promotes internal exchange of ions, transforming the calcium paracaseinate, of unstable hydration, in sodium paracaseinate, whose solution is colloidal and stable (Garrutti, Brito, Brandão, Uchôa & Silva, 2003; Silva et al., 2012c) .
Requeijão cremoso is a type of processed Brazilian cheese, fabricated throughout the entire Brazilian territory with some technology variations and is known for presenting an elevated fat content (Gallina, Van Dender, Yotsuyanagi, & Rodrigues De Sá, 2008; Gomes & Penna, 2010) .The processed cheese matrix is formed of a continuous protein network, in which the fat and aqueous phases are dispersed (Udyarajan, Horne, & Lucey, 2007) . Food products with reduced fat are becoming more and more common. Consumers in general have acquired a greater understanding of the relationship between the diet and health, and are becoming more receptive to products with low levels of fat (Romeih, Michaelidou, Biliaderis & Zerfiridis, 2002; Silva et al., 2012a) . However, because fat plays an important role in the flavor, texture and appearance of foods, development of products with reduced fat but with the same sensorial quality as the conventional version is one of the large challenges faced by the food industry (Romeih et al., 2002; Drake & Swanson, 1995; Guinee & O'Callaghan, 2013) .
The reduction of fat in requeijão cremoso promotes an increase in the percent of dry defatted extract (DDE), which favors protein-protein interactions and makes the casein matrix excessively rigid, resulting in a product with a firm texture (Metzger & Mistry, 1995; Sheehan & Guinee, 2004; Guinee & O'Callaghan, 2013) . Various approaches have been used to counteract the adverse effects of fat reduction of cheese. These include homogenization of cheese milk to increase the surface area of the fat phase (Poudaval & Mistry, 1999) ; the addition of fat replacers to the cheese milk (Rudan, Barbano, Yun, & Kindstedt, 1999) , the addition of exopolysaccharide-producing cultures (Perry, Mcmahon, & Oberg, 1998) ; and/or alterations of the production procedure to decrease the levels of DDE (Metzger, Barbano, Kindstedt, & Guo, 2001 ). These methods have resulted in varying degrees of success. Zalazar et al. (2002) evaluated Argentinian cream cheese with high moisture content and with the additional fat replaced with a protein (Dairy-Lo). In the results, the authors report that the cheeses with reduced fat were a desirable end product. Increasing the moisture content of the final product is presented as a simple strategy to reduce the content of defatted dry extract and restore the quality lost by reducing fat.
In this context, the objective of the present study was to evaluate the influence of the fat and moisture contents on the sensorial properties and acceptability of light requeijão.
Material and Methods

Samples
To define the formulations the Central Composite Rotatable Design (CCRD) was used with two factors (fat (F) and moisture (M)) at two levels (2 2 ), plus four axial points (2 x 2) and the central point. The central point was repeated three times to estimate the pure error, totaling 11 tests (22 + 2 x 2 + 3) (Figure 1 ).
The fat levels under study were defined so that the formulation with the greatest percentage of fat (18.7%) met the minimal reduction (25%) demanded by legislation to be considered as light (Brasil, 1998) . The minimum fat concentration (8.7%) and the high and low moisture concentrations (71.0% and 64.0%) were defined by preliminary testing. The other levels of fat and moisture were stipulated by the statistical design, so that all points were encountered at a distance of α (√2) from the central point (CP).
The requeijão samples were processed using a mass obtained by direct hot acidification of milk at 70 °C, in accordance with the technology described by Alves, Van Dender, Jaime, Moreno and Pereira (2007) . The products were composed of mass (raw skim milk, lactic acid 85% PA), cream (Funarbe), water, whey protein concentrate (2.0% -WPC 34% -Gemacom), NaCl (0.80% -Cisne), emulsifying salts (0.70% -Joha S9) and the preservatives potassium sorbate (0.020% -Gemacom) and nisin (0.017% -Danisco). Processing was conducted in an open pan with mechanical agitation at 50 rpm. 
Centesimal Composition Analysis
The determinations of fat, moisture, proteins and the fixed mineral residue contents of the requeijão samples were performed according to the methods described in Brasil (2005) . Analyses for the determination of the centesimal composition of the requeijão samples were performed in duplicate for each repetition.
The level of carbohydrates and DDE were obtained by the indirect method, as recommended in Brasil (2005) . The carbohydrate content was calculated as the percentage difference between the sum of the total content and other nutrients (%Carbohydrate = 100% -[%Protein + %Fat + %Fixed mineral residue + %Moisture]). The level of DDE was calculated as the percentage difference between the total content and the percentage of fat and moisture formulations (%DDE = %Total -%Fat -%Moisture).
The caloric content was calculated as a function of the composition of the requeijão samples in terms of protein, fat and carbohydrates. The conversion factors of 4, 9 and 4 Kcal.g -1 of food were used for each nutrient, respectively (United States Department of Agriculture, 1963) .
To verify that the levels of fat and moisture from the processed requeijões corresponded to the levels set by the experimental design (DCCR), a t-test for independent samples was performed to compare the theoretical value and the value obtained in practice (determining the chemical composition).
Sensory Profile: Conventional Profile (CP)
To characterize the sensory properties of the requeijões was utilized the Conventional Profile, described in Silva et al. (2012b Silva et al. ( , 2013 .
Recruitment of the Evaluator Candidates
Fifty recruitment questionnaires were distributed to those who demonstrated an interest in participating in the sensory tests. Those recruited for pre-selection presented availability, affinity for the product under evaluation, understanding of the descriptive terms, health conditions that would not compromise the analyses and the ability to work with an unstructured scale. The ability to work with unstructured scales was evaluated by means of tests utilizing figures with different levels of filling, as proposed by Meilgaard, Civille and Carr (2006) . A maximum variation of 10% from the correct value was accepted.
Pre-Selection
To evaluate the sensory discernment capacity of the candidates, a series of four global differential tests (triangular test) was applied. The criterion for selection was to assert 75% of the tests, as recommended by Meilgaard et al. (2006) . The local commercial requeijão brand (R C ) and requeijão diluted with 10% skim milk (R CD ) were used to construct a series of differentiation tests. In preliminary tests, it was found that these products presented a significant difference (p < 0.05) among themselves.
Determination of the Descriptive Terminology and Definition of the Reference Material
Development of the descriptive terminology was performed by fourteen pre-selected judges. The previous list technique was used to provide support to the sensory attributes acquisition, as recommended by Damásio and Costell (1991) . Thus, open discussion under the supervision of a moderator was used to determine the attributes that characterized the samples, utilizing the previous list of descriptive terms for requeijão produced by Garruti et al. (2003) . The judges were divided into two groups for the open session with the objective of facilitating discussion and eliciting opinions. The nine formulations were presented together with the list of descriptive terms, and the judges were asked to formulate a list of the descriptive terms that would characterize the products in relation to their appearance, aroma, flavor and texture. The attributes which characterized the requeijão samples were: characteristic color, consistency, spreadability, characteristic aroma, characteristic flavor, viscosity and adhesivity.
In a subsequent session, the judges defined each sensory term and the reference materials representing the extremes on the 9-centimeter unstructured scale (Table 1 ). The judges were also asked to complete an evaluation chart that contained an unstructured 9-centimeter scale associated with each sensory attribute and anchored at the extremities (weak or strong) in relation to the following attributes: characteristic color, consistency, spreadability, characteristic aroma, characteristic flavor, viscosity and adhesibility. Reference materials for the attributes of appearance (except for color) and texture were products with an instrumental firmness of 0.02 N (weak) and 2.34 N (strong). Regarding the attributes of color, aroma and flavor, formulations with combinations of fat and moisture were used, to allow for the acquisition of different sensitivity intensities of the formulations under study.
Training
Seventeen training sessions were held, which were performed in 2 months. In this stage, the judges were instructed to read the definitions of the attributes and subsequently to sample and memorize the reference materials for each sensory attribute. The method of manipulating the samples was also standardized to prevent errors in the interpretation of sensory attributes. Therefore, the judges were clearly exposed to the sensory stimulus for each attribute, clarifying "what" and "how" the sensory stimulus should be evaluated. During the training sessions, seven practical sessions were also held in which panelists were asked to rate the requeijão samples using an unstructured 9-centimeter scale. Training was terminated when the judges determined there were no difficulties in evaluating the samples. 
Evaluation of Performance of the Judges
A preliminary test was performed to verify that the judges were adequately trained. For this purpose, the final evaluation test of the products was simulated, utilizing the evaluation form containing all attributes and the unstructured 9-centimeter scale. The requeijões F2 (17.3% F and 70.0% M) and F4 (10.2% F and 65.0% M), encoded with three randomized digits, were presented to the judges according to the Balanced Block Design (BBD) design with four repetitions, with each judge considered as a block. Samples were presented to the judges at the same time, in each repetition. The products were evaluated at a temperature of 7 ± 1 ºC.
To evaluate the discriminatory potential and reproducibility of the results, analyses of variance (ANOVA) were performed with two sources of variation (sample and repetition) per attribute for each judge. The judges that presented a maximal probability of 30% for F SAMPLE (F SAMPLE < 0.30) and a minimal probability of 5% for F REPETITION (F REPETITION > 0.05) for all attributes were selected for the final stage of the CP. The selection parameters (F SAMPLE and F REPETITION ) utilized were more rigorous than those proposed by Damásio and Costell (1991) . To evaluate the agreement of a judge with the team, the average individual score was compared with the average score of the team, as performed by Richter, Almeida, Prudencio and Benassi (2010) . Of the fourteen judges, nine were selected to make up the sensorial team by presenting satisfactory selection parameters.
Final Evaluation of the Products
The samples encoded with three random digits were randomly presented to the nine judges selected utilizing the Balanced Block Design (BBD) design; i.e., each judge evaluated all formulations. Repetitions of the central point were used to estimate the pure error. The samples were served at 7 ± 1 ºC, and the judges received the evaluation form containing all sensory attributes and the nine centimeter scale (serial protocol), as well as the list of definitions of the sensory attributes.
The effect of fat and moisture contents on the sensory properties of the requeijões was analyzed by analysis of variance (F test), Principal Component Analysis (PCA) and adjusted regression models. with two sources of variation (sample and judge) and the interaction of sample*judge was performed for each attribute separately. To select the best model fit to the data, we assessed the following parameters: no significant lack of fit (p > 0.10), significance of regression coefficients (p < 0.10) and, finally, the explanation of model by the coefficient of determination R 2 .
Sensorial Acceptability
On the campus of the Universidade Federal de Viçosa, 100 consumers of requeijão were recruited. The requeijão formulations were served to the consumers both randomly and monadically, in disposable cups containing approximately 10 g of the product. A nine point hedonic scale was used, varying from "extremely liked" (score 9) to "extremely disliked" (score 1) so that the panelists could express acceptance in relation to texture of the products (Meilgaard et al., 2006) .
The results of acceptance were analyzed by the Internal Preference Map, where the data acceptance tests (consumer) were organized in a matrix of samples (in rows) and consumers (in columns), and were subject to Principal Components Analysis (PCA), as described in Minim (2010) . In addition, Response Surface Analysis (RSA) was used to verify the behavior depending on the sensory acceptance of fat and moisture contents.
Statistical Analyses
Statistical analyses were performed in SAS (Statistical Analysis System), licensed for use at Universidade Federal de Viçosa in 2013.
Ethics Committee
This project was analyzed and approved by the Scientific Committee of the Postgraduate Department of Food Technology, Federal University of Viçosa, process nº50717258524/2009, obeying, as outlined, the necessary requirements for its publication.
Results and Discussion
Centesimal Composition of the Light Requeijão Samples
The obtained values of fat and moisture contents of the processed requeijão cheeses are shown in Table 2 . Theoretical and experimental levels of fat and moisture in the requeijão samples did not differ significantly by the t-test, and presented p-values of 0.8670 and 0.7887, respectively. This result indicates that the processed formulations met the requirements stipulated by the design. The different combinations of fat and moisture produced requeijão samples with different defatted dry extracts (DDE), due to the fact that this constituent (DDE) is calculated by the percent difference between the total content and levels of fat and moisture. Therefore, the reduction in fat and moisture contents resulted in an increase in protein levels (casein) of the requeijão samples. Similar results were encountered by Soares et al. (2002) and by Cunha, Viotto and Viotto (2006) when determining the centesimal composition of low fat cheeses.
Thus, requeijão samples F2 and F3 presented an increase of 13.85% to 19.76% in DDE when the fat level was reduced from 16.4% to 10.5%. The same behavior was verified for samples F6, F9 and F8 (approximately 67.5% moisture) and also for formulations F1 and F4 (65% M).The moisture content also caused changes in the DDE of the requeijão. When comparing the formulations within the same level of fat reduction, it was found that the DDE in formulations F1 and F2 increased from 13.85% to 18.06% when the content moisture decreased from 69.75% to 64.90%. The same was observed for formulations F5, F7 and F9 (13.7% F) and for F3 and F4 (10.2% F).
Therefore, it was identified that the levels of fat and moisture inversely influenced the percentage of DDE in the requeijão samples, being that products with different combinations of fat and water (F1, F3 and F9) presented similar DDE levels (approximately 19.30%) due to compensation of water in the DDE content generated by the reduction in fat.
Formulations in which fat reduction did not accompany the increase in water content (F4, F7 and F8) presented elevated protein contents (approximately 23.8% DDE). However the requeijão samples containing greater percentages of fat and also presented elevated water contents (F2, F5 and F6) presented low DDE levels (approximately 14.70%).
In regards to the caloric value, samples with less fat and greater water concentrations (F3) presented less energy than the other formulations, which is very interesting for industry since this product can be produced for less money (less utilization of cream and mass) and provides a low caloric content. It also presents the marketing appeal that this requeijão has a 65% reduction in fat content of the traditional product (approximately 25% F).
Sensory Characterization of Light requeijão: Conventional Profile
Nine panelists were selected to make up a sensorial team, who presented the ability of discrimination and repeatability of results, as recommended by Damásio and Costell (1991) . The seven attributes evaluated showed to have significant effect (p < 0.001) on the sample*panelist interaction. Therefore, the test for the effect of the samples was performed again, using the mean square of interaction as the denominator for all sensorial attributes. The requeijão samples differed among themselves (p < 0.001) by the F test (versus interaction) in all attributes evaluated.
In the Principal Component Analysis (PCA), Figure 2 , the first principal component explained 91.96% of data variation, being sufficient to discriminate the formulations in regards to their sensorial attributes, however only one dimension was considered. The spatial separation of the nine formulations suggests the formation of three distinct groups: the first group formed by samples F4, F7 and F8, the second group composed of formulations F1, F3 and F9, and the other consisting of formulations F2, F5 and F6.
In Figure 2 , the sensorial attributes are represented by vectors. Each abscissa and ordinate of a vector is, respectively, a linear correlation between a sensorial attribute and the first and second principal component, respectively. All attributes, except for color, presented correlation (p < 0.10) with the first principal component. The color attribute is correlated with only the second principal component, presenting little importance for sensorial characterization of the requeijão samples since the second principal component explained only 5.55% of the variation of data. The attribute "characteristic color" showed little importance for sensory description of requeijão samples, probability because the samples presented a little difference in color. Therefore, it was not sought to adjust the regression models for the attribute of color. The influence of fat and moisture content on the sensorial attributes was modeled statistically by means of the equations presented in Table 3 . The models were tested in regards to the lack of fit and significance of the regression parameters, and also presented a precision coefficient greater than 85%. Effects of second degree and interaction were not significant (p > 0.10) by the t-test.
The levels of fat and moisture positively contributed to the intensity of the attributes of aroma, flavor and spreadability, and negatively for the attributes of consistency, viscosity and adhesivity.
The relation of fat content with the attributes of color and flavor is due to the presence of liposoluble pigments, especially carotenoids present in the fat of the milk, which are responsible for the aroma and flavor of lactic products (Fox & Mcsweeney, 1998) .With regards to moisture content, the relationship with the flavor attribute is due to the greater contact surface of the requeijão with the increased moisture content (less consistent), which provokes better spreadability of the product on the palate and allows for better perception of the flavor attributes. However for the aroma attribute, such a result is due to the greater volatilization of aromas in more aqueous foods (Deibler & Delwiche, 2004) . In the PCA (Figure 2) , the requeijão samples with greatest fat contents, combined with elevate moisture contents (F2, F5 and F6), presented greater intensity of the aroma and flavor attributes, indicating that there is an inverse relation between these constituents (fat and moisture) and the attributes of aroma and flavor.
Considering the attributes of consistency, viscosity and adhesivity, the constituents under study (fat and moisture) presented a negative effect on the intensity of these attributes (Table 3 ). This is due to the relation of fat and moisture content with the protein content (DDE) of the requeijão samples, where formulations with greater levels of fat and moisture showed dilution of DDE causing losses in consistency, viscosity and adhesivity. This behavior was observed in the PCA, Figure 2 , where the formulations with elevated fat and moisture contents (F2, F5 and F6) showed lower intensity of these attributes. This relationship is due to the low DDE conferred by high levels of the factors under study (fat and moisture); there are fewer forces, inter-and intra-molecular, associated with casein (Dimitreli & Thomareis, 2004 ). An inverse behavior was verified for the formulations with greater levels of defatted dry extract (F4, F7 and F8), Figure 2 , which was characterized by presenting a greater intensity of the consistency, viscosity and adhesivity attributes than the other formulations. The elevated DDE level provoked the enrichment of the protein matrix due to the elevated number of protein-protein interactions, causing an increase in the intensity of these texture attributes (Fox, Guinee, Cogan, & Mcsweeney, 2000) .
The spreadability attribute showed a positive correlation with fat and moisture contents in regards to its intensity, due to this attribute possessing an inverse relation with the attributes of consistency and viscosity, since the more viscous sample possessed an inferior ability to be spread on a cracker (Garruti et al., 2003) . Thus, requeijão samples with low levels of DDE (F2, F5 and F6) present greater spreadability. For the formulations with greater DDE percentages (F4, F7 and F8), i.e., lower content of fat and moisture, the opposite behavior was verified.
The formulations with intermediate levels of DDE (F1, F3 and F9) showed intermediately intensities of the sensorial attributes, indicating that the combinations of fat and moisture of these requeijão samples permitted the occurrence of an equilibrium in DDE, and consequently, in the texture and flavor of the requeijão. 
Sensorial Acceptance
In the Internal Preference Map (Figure 3 ), the first principal component explained 50.67% and the second 21.83%, thus totaling 72.50% of the variance between the nine requeijão formulations in regards to acceptance related to overall impression.
The spatial separation of the requeijão samples suggests the formation of four distinct groups in accordance with sensorial acceptance, where one group was formed by requeijão samples F1, F3 and F9 (first quadrant), another formed by formulations F4, F7 and F8 (second quadrant), a third group composed of the requeijão F2 (third quadrant) and the last group formed by the formulations F5 and F6.
The consumers are represented by points where each abscissa and ordinate of a point is, respectively, the linear correlation between the consumer and the principal components. The correlation of the consumers by at least one of the components indicates a difference in the acceptance of the formulations. Therefore, the consumers located in the central region of the graph are not correlated to either of the two components, and therefore do not discriminate the requeijão samples in regards to acceptance. As can be observed in Figure 3 , few consumers were located in the central region, indicating that the different requeijão samples differed well in regards to acceptance.
In this type of graphical representation, the consumers are located near to the products they liked. Thus, formulations F1, F3 and F9 presented a greater acceptance since the majority of consumers are located near these formulations. The requiejão samples F5 and F6 were also accepted, however by a smaller group of consumers; the formulations F2, F4, F7 and F8 (situated in the second and third quadrant) were not accepted by the consumers.
The sensorial dislike of requeijão formulations F4, F7 and F8 may be explained due to the elevated DDE level (approximately 24.80%) of these products, which present a very strong protein matrix, not favoring the texture of the samples. However for the requeijão F2 the opposite was verified, where the increase in moisture content to 70% combined with 17.3% fat resulted in a high dissolution of the DDE (13.80%), producing in a very flaccid requeijão which also caused for a poor acceptance of the product. It was verified that the requeijão samples F1, F3 and F9, formulations with different levels of fat, showed similar sensorial acceptance when combined with different moisture contents, i.e., the requeijão with 17.3% fat and 65% moisture (F1) presented sensorial acceptability equivalent to the product with 10.2% fat and 70% moisture (F3), and also equivalent to that with 13.7% fat and 67.5% moisture (F9). It should be emphasized that these formulations presented similar DDE values (approximately 19.30%), indicating that the reduction in requeijão fat levels is linked to the increase in moisture content so that there is equilibrium in the sensorial characteristics of the product.
The relationship between the DDE level and sensorial acceptance may be easily visualized in Figure 4 , which is a graphical representation of the surface response of sensorial acceptance in function of the fat and moisture levels, where it can be observed that as the level of fat in the requeijão decreases, greater should be the moisture content of the product so that the sensorial properties are pleasant to the consumers. From this information, it is possible to determine diverse combinations of fat and moisture, within the studied concentrations, which meet the expectations of consumers. 
Conclusion
The levels of fat and moisture are presented as determining factors sensorial quality in light requeijão, indicating the relevance of this study. Different combinations of fat and moisture resulted in requeijão samples with similar sensorial profiles, showing that the reduction in fat concentration in requeijão should be aligned with increase in moisture content of the final product so that there is an equilibrium in the defatted dry extract (DDE), and consequently in the sensorial quality of the product.
The surface response analysis allowed for identification of innumerous combinations of fat and moisture which meet the expectations of the consumers in regards to sensorial quality of the requeijão samples, allowing the development of products with different levels of fat reduction and similar sensorial acceptance.
The conclusions obtained from this research about the influence of the reduction of fat and moisture in the sensory characteristics of requeijão are valid only for the concentration ranges studied. The reduction of fat in the requeijão must be associated with the increase in moisture of the final product so that it shows a balance in DDE, also generating a balance in the texture of the product and providing improvement in sensory acceptability. However, it is not known what effect on product texture and sensory acceptability for reductions in fat content below 8.7%. The mathematical model established in this study can be used to predict the sensory characteristics of requeijão, from fat and moisture content of the product to the concentration range evaluated, which was from 8.7 to 18.7% (fat) and from 64 to 71% (moisture).
